What Is Claimed Is: 

1\ A self-aligned method of forming a semiconductor memory array of floating gate 
memory cells in a semiconductor substrate, each memory cell having a floating gate, a first 
terminal, a second terminal with a channel region therebetween, and a control gate, the method 
comprising the stbps of: 

a) forming a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel tqone another and extend in a first direction, with an active region between 
each pair of adjacent isolation regions, the active regions each comprising a first layer of 
insulation material on the semiconductor substrate and a first layer of conductive material on the 
first layer of insulation matenal; 

b) forming a plurality of spaced apart first trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in a second direction 
that is substantially perpendicular to the first direction; each of the first trenches being 
substantially rectangularly shaped and exposing the first layer of the conductive material in each 
of the active regions; 

c) forming a second layer^fc&jiisulation material in each of the active regions that is 
disposed adjacent to and over the first lljrer of conductive material; 

d) filling each of the first trenches witH^a second conductive material to form blocks 
of the second conductive material having a substantially rectangular shape, wherein for each of 
the active regions, each of the blocks is adjacent to the second layer of insulation material and is 
insulated from the substrate; 

e) forming a sidewall spacer of a conductive material immediately adjacent to and 
contiguous with each of the blocks along the second direction, wherein for each active region 
each spacer is disposed over the second layer of insulation material^ and the first layer of 
conductive material; 

f) forming a plurality of first terminals in the substrate, wftf rein in each of the active 
regions each of the first terminals is adjacent to one of the blocks; and 

g) forming a plurality of second terminals in the substrate, wherein in each of the 
active regions each of the second terminals is spaced apart from the first terminals and is below 
the first layer of conductive material. 
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The method of claim 1, wherein the formation of the second layer of insulation 
material inclines oxidizing top and side portions of the first layer of conductive material in each 
active region. 

3. The method of claim 1, further comprising the steps of: 

h) forming a plurality of spaced apart second trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in the second 
direction; each of the second trenches being formed between selected pairs of the blocks and 
extending through the first layer (^conductive material and the first layer of insulation material 
to expose the second terminal; 

i) forming a third layer of insulation material along sidewalls of the second trenches; 
j) filling each of the second trenches with a conductive material that is insulated 

from the first conductive layer by the third layer of insulation material. 

4. The method of claim 3,-wnterein tne formation of the third layer of insulation 
material includes oxidizing end portionsfef the firs\ayer of conductive material that face the 
second trenches. 



5. The method of claim 3, wherein the formatio^of the third layer of insulation 
material includes forming a pair of inner sidewall spacers of aiynsulation material along 
sidewalls of each of the second trenches. 



6. The method of claim 3, wherein the formation of the third layer of insulation 
material includes the steps of: \ 

oxidizing end portions of the first layer of conductive material that fa^e the second 
trenches; and 

forming a pair of inner sidewall spacers of an insulation material along si^walls of each 
of the second trenches. 
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Nl The method of claim 1, wherein each of the blocks and corresponding spacer 
formed contiguously therewith form a control gate having a notch at the connection between the 
block and the spacer. 

8. The method of claim 1, further comprising the step of forming a layer of 
metalized silicon on each of the blocks of second conductive material. 

9. The method orclaim 1, wherein the formation of the first trenches comprises the 
steps of: \ 

forming at least one layer ormaterial over the first layer of conductive material, 

selectively etching through theW least one layer of material to form top portions of the 
first trenches; \ 

forming a pair of sidewall spacers oil side walls of each of the first trenches; 

etching between each pair of the sidewall spacers of each of the first trenches and through 
the first layer of conductive material to form^ttom portions of the first trenches; 

wherein the bottom portions of the firlwjienfehes have a smaller width than that of the top 
portions of the first trenches. \* \ 

10. The method of claim 1, wherein at least a portion of the second layer of insulation 
material is formed by forming a layer of insulation material aloijg entire sidewalls of the first 
trenches. 

1 1 . The method of claim 1 , wherein at least part of the sec<W layer of insulation 
material is formed by forming a layer of insulation material on an upper s^irface of the first layer 
of conductive material. 

12. The method of claim 1 , wherein: 

the formation of the first trenches includes the formation of intermediate tranches 
between selected pairs of the first trenches across the active regions and isolation regkms, the 
intermediate trenches are substantially parallel to one another and extend in the second^irection; 
and 



Atty Dckt No: 2102396-910600 



33 



th&Jilling of the first trenches includes the filling of the intermediate trenches with the 
second conductive material to form blocks of the second conductive material in the intermediate 
trenches. 

5 13. The Wthod of claim 12, further comprising the step of forming a layer of 

metalized silicon on each of the blocks of second conductive material. 

14. The method\pf claim 12, further comprising the steps of: 

h) forming a plurality of spaced apart second trenches across the active regions and 

10 isolation regions which are substantially parallel to one another and extend in the second 

direction, the second trenches being formed by removing the second conductive material in the 
Q \ 

intermediate trenches, and extendingythe intermediate trenches through the first layer of 



conductive material and the first layer <rf insulation material to expose the second terminal; 
0; i) forming a third layer of insulation material along sidewalls of the second trenches; 

H^S j) filling each of the sec^d trenches with a conductive material that is insulated 



I trencne: 
frd layer 



from the first conductive layer by the ijyrd layer of insulation material. 

5 V. 

fy 15. The method of claim 1, further comprising the steps of: 

forming a second sidewall spacer of insulating material along a sidewall of each of the 



feft) blocks of conductive material; and 



forming a layer of metalized silicon on each of the^first terminals immediately adjacent to 
one of the second sidewall spacers, wherein each of the layers of metalized silicon is self-aligned 
to the one of the second sidewall spacers. 



25 1 6. The method of claim 1 , further comprising the stepVf : 

forming a layer of metalized silicon on each of the blocks of second conductive material, 
wherein for each of the first trenches, a sidewall of the first trench align^ an edge of the 
metalized silicon to an edge of the block of second conductive material. 
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l\ The method of claim 1, further comprising the step of: 

forming a third layer of insulation material over the layer of metalized silicon, wherein 
for each of the tjrst trenches, a sidewall of the first trench aligns an edge of the third layer of 
insulation material^ an edge of the block of second conductive material. 

18. The method of claim 1 5, further comprising the step of: 

forming a conductive material over each of the layers of metalized silicon and up against 
the second sidewall spacer self aligned thereto. 

19. The method of claim 15, wherein the formation of each of the second sidewall 
spacers includes forming a layer ofmsulation material between the second sidewall spacer and 
the sidewall of the block of conductivesmaterial. 

20. The method of claim 1, fmtner comprising the steps of: 

forming a second sidewall spaceUetf insulating material along a sidewall of each of the 
blocks of conductive material such that dai* oftfie second sidewall spacers are adjacent to but 
spaced apart from each other with one of the first terminals substantially therebetween; 

forming a layer of metalized silicon on each One of the first terminals between a pair of 
the second sidewall spacers corresponding to the one fust terminal such that the layer of 
metalized silicon is self-aligned to the one first terminal b\the corresponding pair of second 
sidewall spacers; \ 

forming a layer of passivation material over the active riseions; 

forming contact openings through the passivation material^ wherein for each of the 
contact openings: \ 

the contact opening extends down to and exposes one oi\the metalized silicon 

layers, \ 

the contact opening has a lower portion bounded by the corresponding pair of 

second sidewall spacers, and \ 

the contact opening has an upper portion that is wider than a spacing between the 

corresponding pair of second sidewall spacers; and \ 

filling each of the contact openings with a conductive material. \ 
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Zk A self-aligned method of forming a semiconductor memory array of floating gate 
memory celts in a semiconductor substrate, each memory cell having a floating gate, a first 
terminal, a second terminal with a channel region therebetween, and a control gate, the method 
comprising the stetos of: 

a) formiW a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel to^one another and extend in a first direction, with an active region between 
each pair of adjacent isola^pn regions; 

b) forming a plurality of spaced apart first trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in a second direction 
that is substantially perpendicular t^the first direction, each of the first trenches being 
substantially rectangularly shaped, an<^forming a first layer of conductive material in each of the 
active regions adjacent to the firgLtrencftes and disposed over a first layer of insulation material; 

c) forming a second mw of insulation material in each of the active regions that is 
disposed adjacent to and over the fllfst layer olseonductive material; 

d) filling each of the first trenches with a. second conductive material to form blocks 
of the second conductive material having a substantially rectangular shape, wherein for each of 
the active regions, each of the blocks is adjacent to the second layer of insulation material and is 
insulated from the substrate; 

e) forming a sidewall spacer of a conductive material immediately adjacent to and 
contiguous with each of the blocks along the second direction, wherein for each active region 
each spacer is disposed over the second layer of insulation material apd the first layer of 
conductive material; 

f) forming a plurality of first terminals in the substrate, wher^n in each of the active 
regions each of the first terminals is adjacent to one of the blocks; and 

g) forming a plurality of second terminals in the substrate, wherein each of the 
active regions each of the second terminals is spaced apart from the first terminal^and is below 
the first layer of conductive material. 
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2\ The method of claim 21, wherein the formation of the second layer of insulation 
material inclines oxidizing top and side portions of the first layer of conductive material in each 
active region. 
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23. The method of claim 21 , further comprising the steps of: 

h) forming a plurality of spaced apart second trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in the second 
direction; each of the second trenches being formed between selected pairs of the blocks and 
extending through the first layer oi\£onductive material and the first layer of insulation material 
to expose the second terminal; 

i) forming a third layer of ihsulation material along sidewalls of the second trenches; 
j) filling each of the second trenches with a conductive material that is insulated 

from the first conductive layer by the third layer of insulation material. 

24. The method of claim 23, wk^rein tnkformation of the third layer of insulation 
material includes oxidizing end portions of the first lay^r of conductive material that face the 
second trenches. 

25. The method of claim 23, wherein the formationVf the third layer of insulation 
material includes forming a pair of inner sidewall spacers of an inflation material along 
sidewalls of each of the second trenches. 



26. The method of claim 23, wherein the formation of the thircf^ayer of insulation 
material includes the steps of: 
25 oxidizing end portions of the first layer of conductive material that face U^e second 

trenches; and 

forming a pair of inner sidewall spacers of an insulation material along sidewaH§ of each 
of the second trenches. 
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25L The method of claim 2 1 , wherein each of the blocks and corresponding spacer 
formed contiguously therewith form a control gate having a notch at the connection between the 
block and theSspacer. 

28. TheVmethod of claim 2 1 , further comprising the step of forming a layer of 
metalized silicon on each of the blocks of second conductive material. 

29. The methodspf claim 21, wherein the formation of the first trenches comprises the 
steps of: \ 

forming at least one layer of material over the first layer of conductive material, 

selectively etching throughsthe at least one layer of material to form top portions of the 
first trenches; \ 

forming a pair of sidewall spacers on side walls of each of the first trenches; 

etching between each pair of the sidewall spacers of each of the first trenches and through 
the first layer of conductive material totform\bottom portions of the first trenches; 

wherein the bottom portions of S^firsMrenches have a smaller width than that of the top 
portions of the first trenches. \J \ 

30. The method of claim 2 1 , wherein at least a portion of the second layer of 
insulation material is formed by forming a layer of insulkion material along entire sidewalls of 
the first trenches. \ 

3 1 . The method of claim 2 1 , wherein at least part of\he second layer of insulation 
material is formed by forming a layer of insulation material on an\roper surface of the first layer 
of conductive material. \ 

32. The method of claim 2 1 , wherein: \ 

the formation of the first trenches includes the formation of intermediate trenches 
between selected pairs of the first trenches across the active regions and isolatiVi regions, the 
intermediate trenches are substantially parallel to one another and extend in the second direction; 
and \ 
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filling of the first trenches includes the filling of the intermediate trenches with the 
second coWtive material to form blocks of the second conductive material in the intermediate 
trenches. \ 

33. The Aethod of claim 32, further comprising the step of forming a layer of 
metalized silicon on eachof the blocks of second conductive material. 

34. The method ofdaim 32, further comprising the steps of: 

h) forming a pluralitW spaced apart second trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in the second 
direction, the second trenches being formed by removing the second conductive material in the 
intermediate trenches, and extending theVermediate trenches through the first layer of 
conductive material and the first layer of inflation material to expose the second terminal; 

i) forming a third layer of iMation material along sidewalls of the second trenches; 
j) filling each of the second^chesVith a conductive material that is insulated 

from the first conductive layer by the thir'oWiyer of insulation material. 

35 . The method of claim 2 1 , further comprisingi the steps of: 

forming a second sidewall spacer of insulating material along a sidewall of each of the 

blocks of conductive material; and \ 

forming a layer of metalized silicon on each of the first terminals immediately adjacent to 
one of the second sidewall spacers, wherein each of the layers of realized silicon is self-aligned 
to the one of the second sidewall spacers. 

36. The method of claim 2 1 , further comprising the step of: 
forming a layer of metalized silicon on each of the blocks of second conductive material, 

wherein for each of the first trenches, a sidewall of the first trench aligns an edg^f the 
metalized silicon to an edge of the block of second conductive material. 
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1*37. The method of claim 2 1 , further comprising the step of: 
\forming a third layer of insulation material over the layer of metalized silicon, wherein 
for each df the first trenches, a sidewall of the first trench aligns an edge of the third layer of 
insulation material to an edge of the block of second conductive material. 

38. TheWthod of claim 35, further comprising the step of: 

forming a conductive material over each of the layers of metalized silicon and up against 
the second sidewall spader self aligned thereto. 

39. The method ofclaim 35, wherein the formation of each of the second sidewall 
spacers includes forming a layerV insulation material between the second sidewall spacer and 
the sidewall of the block of conductive material. 

40. The method of claim 2 1 , farther comprising the steps of: 

forming a second sidewall spa^rpfWulating material along a sidewall of each of the 
blocks of conductive material such thaBairs oW second sidewall spacers are adjacent to but 
spaced apart from each other with one of the firstWninals substantially therebetween; 

forming a layer of metalized silicon on each one of the first terminals between a pair of 
the second sidewall spacers corresponding to the one fuV terminal such the layer of metalized 
silicon is self-aligned to the one first terminal by the corresponding pair of second sidewall 

spacers; \ 

forming a layer of passivation material over the active regions; 

forming contact openings through the passivation material, wherein for each of the 

contact openings: \ 

the contact opening extends down to and exposes one of the fnetalized silicon 

layers, \ 

the contact opening has a lower portion bounded by the corresponding pair of 

second sidewall spacers, and \ 

the contact opening has an upper portion that is wider than a spacing between the 
corresponding pair of second sidewall spacers; and \ 
filling each of the contact openings with a conductive material. \ 
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4\ An electrically programmable and erasable memory device comprising: 
a substrate of semiconductor material of a first conductivity type; 
first and second spaced-apart terminals in the substrate of a second conductivity type, 
with a channel region therebetween; 

a first insulation layer disposed over said substrate; 

an electricalW conductive floating gate disposed over said first insulation layer and 
extending over a portron of said channel region and over a portion of the second terminal; 

a second insulatron layer disposed over and adjacent the floating gate and having a 
thickness permitting FowW-Nordheim tunneling of charges therethrough; and 

an electrically conductive control gate having a first portion and a second portion, the 
first portion being substantiall\rectangularly shaped and positioned immediately adjacent to the 
second insulation layer, the second portion being substantially a spacer connected to the first 
portion and disposed over the floating gate and insulated therefrom. 

42. The device of claim 41 ^herein the control gate forms a notch at the connection 
between the first portion and the second portion. 

43. An array of electrically programmable and erasable memory devices comprising: 
a substrate of semiconductor material of a first conductivity type; 

spaced apart isolation regions formed onihe substrate which are substantially parallel to 
one another and extend in a first direction, with anVctive region between each pair of adjacent 
isolation regions; \ 

each of the active regions including a column oWemory cells extending in the first 
direction, each of the memory cells including: \ 

first and second spaced-apart terminals formed in the substrate having a second 
conductivity type, with a channel region formed in th\ substrate therebetween, 

a first insulation layer disposed over said substrate including over said channel 
region, \ 
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electrically conductive floating gate disposed over said first insulation layer 
and exted^ing over a portion of said channel region and over a portion of the second 
terminal, ; 

a secondHnsulation layer disposed over and adjacent the floating gate and having 
a thickness permittW Fowler-Nordheim tunneling of charges therethrough; and 
a plurality of electrically conductive control gates each extending across the active 
regions and isolation regions in a^econd direction substantially perpendicular to the first 
direction and having a first portion that is substantially rectangular in shape and a second portion 
that is connected to the first portion anaHs substantially a spacer, wherein each of the control 
gates intercepts one of the memory cells in\ach of the active regions such that the first portion is 
positioned immediately adjacent to the second insulation layer therein and the second portion is 
disposed over the floating gate and insulated theret 

44. The device of claim 43, wherein the control gate forms a notch at the connection 
between the first portion and the second portion. 



45. A self-aligned method of forming a semiconductor memory array of floating gate 
memory cells in a semiconductonsubstrate, each memory cell having a floating gate, a first 
terminal, a second terminal with a channel region therebetween, and a control gate, the method 
comprising the steps of: 

a) forming a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel to one another and extend in a first direction, with an active region between 
each pair of adjacent isolation regions, the active regions each comprising a first layer of 
insulation material on the semiconOTtW substrate and a first layer of conductive material on the 
first layer of insulation material; \^ \^ 

b) forming a plurality of spaced apart first trenches across the active regions and 

\ 

isolation regions which are substantially parallel to oneyanother and extend in a second direction 
that is substantially perpendicular to the first direction; each of the first trenches exposing the 
first layer of the conductive material in each of the active regions; 

c) forming a second layer of insulation material in\each of the active regions that is 
disposed adjacent to and over the first layer of conductive material; 
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d) \ filling each of the first trenches with a second conductive material to form blocks 
of the seconckconductive material each having a substantially planar sidewall portion, wherein 
for each of the\etive regions, each of the blocks is adjacent to the second layer of insulation 
material and is insulated from the substrate; 

e) formmg a sidewall spacer of a conductive material immediately adjacent to and 
contiguous with each of the substantially planar sidewall portions along the second direction, 
wherein for each active region each spacer is disposed over the second layer of insulation 
material and the first layer ofconductive material; 

f) forming a plurality of first terminals in the substrate, wherein in each of the active 
regions each of the first terminalsSis adjacent to one of the blocks; and 

g) forming a plurality oJSysecond terminals in the substrate, wherein in each of the 
active regions each of the second terminals is spaced apart from the first terminals and is below 
the first layer of conductive material. 



46. The method of claim 45, w| 
material includes oxidizing top and side pc 
active region. 



the formation of the second layer of insulation 
ms fcf the first layer of conductive material in each 



47. The method of claim 45, further comprising the steps of: 

h) forming a plurality of spaced apart second trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in the second 
direction; each of the second trenches being formed between selected pairs of the blocks and 
extending through the first layer ofconductive material and the first^layer of insulation material 
to expose the second terminal; 

i) forming a third layer of insulation material along sidewaHs of the second trenches; 
j) filling each of the second trenches with a conductive material that is insulated 

from the first conductive layer by the third layer of insulation material 



48. The method of claim 47, wherein the formation of the third layer hf insulation 
30 material includes oxidizing end portions of the first layer of conductive material th^ face the 
second trenches. 
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49 \ The method of claim 47, wherein the formation of the third layer of insulation 
material includes forming a pair of inner sidewall spacers of an insulation material along 
sidewalls of each\f the second trenches. 

50. The mettW of claim 47, wherein the formation of the third layer of insulation 
material includes the steps of: 

oxidizing end portions\>f the first layer of conductive material that face the second 
trenches; and 

forming a pair of inner side^ll spacers of an insulation material along sidewalls of each 
of the second trenches. 

5 1 . The method of claim 45, whetein each of the blocks and corresponding spacer 
formed contiguously therewith form a contf ol gate having a notch at the connection between the 
block and the spacer. 

52. The method of claim 45, further comprising the step of forming a layer of 
metalized silicon on each of the blocks of second conductive material. 

53. The method of claim 45, wherein the formatio\of the first trenches comprises the 
steps of: 

forming at least one layer of material over the first layer o Aonductive material, 
selectively etching through the at least one layer of material to^orm top portions of the 
first trenches; 

forming a pair of sidewall spacers on side walls of each of the first trenches; 

etching between each pair of the sidewall spacers of each of the first trenches and through 
the first layer of conductive material to form bottom portions of the first trenches; 

wherein the bottom portions of the first trenches have a smaller width than^that of the top 
portions of the first trenches. 



AttyDcktNo: 2102396-910600 



44 



\54. The method of claim 45, wherein at least a portion of the second layer of 
insulati<Xpaterial is formed by forming a layer of insulation material along entire sidewalls of 
the first trenches. 

55. Thesmethod of claim 45, wherein at least part of the second layer of insulation 
material is formed by^forming a layer of insulation material on an upper surface of the first layer 
of conductive material. \ 

56. The method olsclaim 45, wherein: 

the formation of the firsWenches includes the formation of intermediate trenches 
between selected pairs of the firstVenches across the active regions and isolation regions, the 
intermediate trenches are substantialiv parallel to one another and extend in the second direction; 
and \ 

the filling of the first trenches incudes the filling of the intermediate trenches with the 
second conductive material to form WOcks\)f the second conductive material in the intermediate 
trenches. V/ \ 

57. The method of claim 56, further comprising the step of forming a layer of 
metalized silicon on each of the blocks of second conductive material. 

58. The method of claim 56, further comprising the steps of: 

h) forming a plurality of spaced apart second trenches across the active regions and 
isolation regions which are substantially parallel to one another and extend in the second 
direction, the second trenches being formed by removing the second conductive material in the 
intermediate trenches, and extending the intermediate trenches through the first layer of 
conductive material and the first layer of insulation material to expose^the second terminal; 

i) forming a third layer of insulation material along sideways of the second trenches; 
j) filling each of the second trenches with a conductive material that is insulated 

from the first conductive layer by the third layer of insulation material. \ 
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The method of claim 45, further comprising the steps of: 
fencing a second sidewall spacer of insulating material along a sidewall of each of the 
blocks of concfyctive material; and 

forming alayer of metalized silicon on each of the first terminals immediately adjacent to 
5 one of the second sidbwall spacers, wherein each of the layers of metalized silicon is self-aligned 
to the one of the second sMewall spacers. 

60. The method of claim 45, further comprising the step of: 

forming a layer of metalized silicon on each of the blocks of second conductive material, 
10 wherein for each of the first trenches>a sidewall of the first trench aligns an edge of the 
metalized silicon to an edge of the blocKspf second conductive material. 

H> 61. The method of claim 45 , further comprising the step of: 

jyi forming a third layer of insulation material over the layer of metalized silicon, wherein 

45 for each of the first trenches, a sidewall of the firstNtrench aligns an edge of the third layer of 
insulation material to an edge of the block of second conductive material. 



[U 62. The method of claim 59, further comprising the step of: 

y i \ 
p forming a conductive material over each of the layers.of metalized silicon and up against 

^0 the second sidewall spacer self aligned thereto. 



63. The method of claim 59, wherein the formation of each of the second sidewall 
spacers includes forming a layer of insulation material between the second sidewall spacer and 
the sidewall of the block of conductive material. 



64. The method of claim 45, further comprising the steps of: 
forming a second sidewall spacer of insulating material along a sidewall of each of the 
blocks of conductive material such that pairs of the second sidewall spacers are adjacent to but 
spaced apart from each other with one of the first terminals substantially therebetween; 
30 forming a layer of metalized silicon on each one of the first terminals between a pair of 

the second sidewall spacers corresponding to the one first terminal such the layer of mtetalized 
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silicon is sel^-aligned to the one first terminal by the corresponding pair of second sidewall 
spacers; 

forming a^ayer of passivation material over the active regions; 
forming correct openings through the passivation material, wherein for each of the 
contact openings: 

the conta\t opening extends down to and exposes one of the metalized silicon 

layers, 

the contact opening has a lower portion bounded by the corresponding pair of 
second sidewall spacers, and 

the contact openmg has an upper portion that is wider than a spacing between the 
corresponding pair of second sidewall spacers; and 
filling each of the contact openings with a conductive material. 

65. A self-aligned me^SSti oi forming a semiconductor memory array of floating gate 
memory cells in a semiconductor substrate, each memory cell having a floating gate, a first 
terminal, a second terminal with a channel \egion therebetween, and a control gate, the method 
comprising the steps of: 

a) forming a plurality of spaced apVt isolation regions on the substrate which are 
substantially parallel to one another and extend ima first direction, with an active region between 
each pair of adjacent isolation regions; 

b) forming a plurality of spaced apart first Venches across the active regions and 
isolation regions which are substantially parallel to one another and extend in a second direction 
that is substantially perpendicular to the first direction, and forming a first layer of conductive 
material in each of the active regions adjacent to the first trenqies and disposed over a first layer 
of insulation material; 

c) forming a second layer of insulation material in eac\ of the active regions that is 
disposed adjacent to and over the first layer of conductive material; 

d) filling each of the first trenches with a second conductivk material to form blocks 
of the second conductive material each having a substantially planar sidewall portion, wherein 
for each of the active regions, each of the blocks is adjacent to the second lay^r of insulation 
material and is insulated from the substrate; 
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e) \ forming a sidewall spacer of a conductive material immediately adjacent to and 
contiguous wMi each of the substantially planar sidewall portions along the second direction, 
wherein for eacnyactive region each spacer is disposed over the second layer of insulation 
material and the firat layer of conductive material; 

f) forming a plurality of first terminals in the substrate, wherein in each of the active 
regions each of the first terminals is adjacent to one of the blocks; and 

g) forming a plurality of second terminals in the substrate, wherein in each of the 
active regions each of the second terminals is spaced apart from the first terminals and is below 
the first layer of conductive mar^rial. 

66. The method of claim wherein the formation of the second layer of insulation 
material includes oxidizing top and sid^portions of the first layer of conductive material in each 
active region. 

67. The method of claim 65X^bjh£r comprising the steps of: 

h) forming a plurality of spacVf apata second trenches across the active regions and 
isolation regions which are substantially parallel tovone another and extend in the second 
direction; each of the second trenches being formed between selected pairs of the blocks and 
extending through the first layer of conductive material\and the first layer of insulation material 
to expose the second terminal; 

i) forming a third layer of insulation material along sidewalls of the second trenches; 
j) filling each of the second trenches with a conductive material that is insulated 

from the first conductive layer by the third layer of insulation material. 



25 68. The method of claim 67, wherein the formation of the third layer of insulation 

material includes oxidizing end portions of the first layer of conductive n^aterial that face the 
second trenches. 



69. The method of claim 67, wherein the formation of the third laye^f insulation 
30 material includes forming a pair of inner sidewall spacers of an insulation material^long 
sidewalls of each of the second trenches. 
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70v The method of claim 67, wherein the formation of the third layer of insulation 
material includes the steps of: 

oxidizing end portions of the first layer of conductive material that face the second 
trenches; and \ 

forming a paW of inner sidewall spacers of an insulation material along sidewalls of each 
of the second trenchesX 

71. The method ofclaim 65, wherein each of the blocks and corresponding spacer 
formed contiguously therewith lorm a control gate having a notch at the connection between the 
block and the spacer. \ 

72. The method of claim 65^rther comprising the step of forming a layer of 
metalized silicon on each of the blocl§& of second conductive material. 



73. The method ofclaim 65, whereinNhe formation of the first trenches comprises the 
steps of: \ 

forming at least one layer of material over the lirst layer of conductive material, 

selectively etching through the at least one layer of material to form top portions of the 
first trenches; \ 

forming a pair of sidewall spacers on side walls of earn of the first trenches; 

etching between each pair of the sidewall spacers of eacnsof the first trenches and through 
the first layer of conductive material to form bottom portions of theSfirst trenches; 

wherein the bottom portions of the first trenches have a smallerwidth than that of the top 
portions of the first trenches. \ 

74. The method of claim 65, wherein at least a portion of the second\layer of 
insulation material is formed by forming a layer of insulation material along entirb^sidewalls of 
the first trenches. \ 
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75\ The method of claim 65, wherein at least part of the second layer of insulation 
material is formed by forming a layer of insulation material on an upper surface of the first layer 
of conductive mkerial. 

76. The method of claim 65, wherein: 

the formation of the first trenches includes the formation of intermediate trenches 
between selected pairs of tnfe first trenches across the active regions and isolation regions, the 
intermediate trenches are substantially parallel to one another and extend in the second direction; 
and \ 

the filling of the first trenches includes the filling of the intermediate trenches with the 
second conductive material to form blocks of the second conductive material in the intermediate 
trenches. 




77. The method of claim 76»Wrther comprising the step of forming a layer of 
metalized silicon on each of the blocks oi second conductive material. 

78. The method of claim 76, further comprisW the steps of: 

h) forming a plurality of spaced apart second tranches across the active regions and 
isolation regions which are substantially parallel to one anoth^and extend in the second 
direction, the second trenches being formed by removing the second conductive material in the 
intermediate trenches, and extending the intermediate trenches through the first layer of 
conductive material and the first layer of insulation material to expose tne second terminal; 

i) forming a third layer of insulation material along sidewalls of the second trenches; 
j) filling each of the second trenches with a conductive material tft^t is insulated 

from the first conductive layer by the third layer of insulation material. \ 

79. The method of claim 65, further comprising the steps of: \ 
forming a second sidewall spacer of insulating material along a sidewall of each of n^e 

blocks of conductive material; and \ 
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arming a layer of metalized silicon on each of the first terminals immediately adjacent to 
one of the\econd sidewall spacers, wherein each of the layers of metalized silicon is self-aligned 
to the one o^the second sidewall spacers. 

80. The method of claim 65, further comprising the step of: 
forming a layer of metalized silicon on each of the blocks of second conductive material, 
wherein for each ofthe first trenches, a sidewall of the first trench aligns an edge of the 
metalized silicon to anWige of the block of second conductive material. 
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8 1 . The method\f claim 65, further comprising the step of: 
forming a third layer ofcinsulation material over the layer of metalized silicon, wherein 

for each of the first trenches, a sidewall of the first trench aligns an edge of the third layer of 
insulation material to an edge of thM>lock of second conductive material. 

82. The method of claim 79, fiirther comprising the step of: 

forming a conductive materi^^eAach of the layers of metalized silicon and up against 
the second sidewall spacer self aligned traereto^ 

83 . The method of claim 79, wherein th^Sformation of each of the second sidewall 
spacers includes forming a layer of insulation materiaPbetween the second sidewall spacer and 
the sidewall of the block of conductive material. 



84. The method of claim 65 , further comprising theysteps of: 
forming a second sidewall spacer of insulating material along a sidewall of each of the 
25 blocks of conductive material such that pairs of the second sidewall\spacers are adjacent to but 
spaced apart from each other with one of the first terminals substantially therebetween; 

forming a layer of metalized silicon on each one of the first terminals between a pair of 
the second sidewall spacers corresponding to the one first terminal such thV layer of metalized 
silicon is self-aligned to the one first terminal by the corresponding pair of sefe^nd sidewall 
30 spacers; 

forming a layer of passivation material over the active regions; 
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forming contact openings through the passivation material, wherein for each of the 
contact openings: >w 

the contact opening extends down to and exposes one of the metalized silicon 
layers, \, 

the contact opening has affiwe^portion bounded by the corresponding pair of 
second sidewall spacers, and \J \ 

the contact opening has an upper portito that is wider than a spacing between the 
corresponding pair of second sidewall spacers; and 
filling each of the contact openings with a conductive material. 

85. An adectrically programmable and erasable memory device comprising: 
a substrate of\emiconductor material of a first conductivity type; 

first and second spaced-apart terminals in the substrate of a second conductivity type, 
with a channel region therebetween; 

a first insulation layendisposed over said substrate; 

an electrically conductive floating gate disposed over said first insulation layer and 
extending over a portion of said cnannel region and over a portion of the second terminal; 

a second insulation layer disposed over and adjacent the floating gate and having a 
thickness permitting Fowler-Nordheim\tunneling of charges therethrough; and 

an electrically conductive controlVate having a first portion and a second portion, the 
first portion having a substantially planar smewall portion and is positioned immediately 
adjacent to the second insulation layer, the second portion being substantially a spacer connected 
to the substantially planar sidewall portion and elisposed over the floating gate and insulated 
therefrom. \ 

86. The device of claim 85, wherein the control gate forms a notch at the connection 
between the first portion and the second portion. \ 
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An array of electrically programmable and erasable memory devices comprising: 
a siJbstrate of semiconductor material of a first conductivity type; 
spaced^art isolation regions formed on the substrate which are substantially parallel to 
one another and extend in a first direction, with an active region between each pair of adjacent 
isolation regions; 

each of the activ&regions including a column of memory cells extending in the first 
direction, each of the meiru*ry cells including: 

first and second spaced-apart terminals formed in the substrate having a second 
conductivity type, with Channel region formed in the substrate therebetween, 

a first insulation lay\disposed over said substrate including over said channel 

region, 

an electrically conductive boating gate disposed over said first insulation layer 
and extending over a portion of said channel region and over a portion of the second 
terminal, and 

a second insulation layer disposed fyer and adjacent the floating gate and having 
a thickness permitting Fowler-Nordheim tunneling of charges therethrough; and 
a plurality of electrically conductive control gates each extending across the active 
regions and isolation regions in a second direction substantially perpendicular to the first 
direction and having a first portion that has a substantially plVar sidewall portion and a second 
portion that is connected to the substantially planar sidewall portkm and is substantially a spacer, 
wherein each of the control gates intercepts one of the memory celk in each of the active regions 
such that the first portion is positioned immediately adjacent to the sefe^nd insulation layer 
therein and the second portion is disposed over the floating gate and insulated therefrom. 



88. The device of claim 87, wherein the control gate forms a notch\t the connection 
between the first portion and the second portion. 
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